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1. 研究了纳米二氧化钛在不同盐度（8、18、28、38）以及不同 pH 值（4.3、5.4、
6.9、8.1）的海水中的沉降行为。实验结果显示，纳米二氧化钛溶液在最初
0.5 h 内沉降的最快，在前 4 h 内沉降较快，在 6 h 后趋于平缓。在高盐度（S=38）
时沉降最多，这可以用 DLVO 理论来解释，增大离子强度会压缩双电层，使
双电层斥力减小，促进聚合，从而使沉降加强；在较低盐度时，盐度与沉降
现象之间不存在简单的化学剂量关系。在 pH 为 4.3 时沉降最快，在前 3 h， pH























































Nanoparticles (NPs), which are sized at least one dimension less than 100 
nanometers, have been used more and more widely. As one of the most important 
nanomaterials, nanosized titanium dioxide (nTiO2) has been used into a wide range of 
products (e.g., paints, cosmetic, ceramic, bactericide). Inevitably, among theirs usage 
they will be exposed to the aquatic environment and ultimately enter the sea. They 
endanger marine organism health and marine environment. Currently, information on 
this field is limited. This study investigated the sedimentation of nTiO2 in different 
seawater (pH, salinity), the toxic effect of nTiO2 on Tigriopus japonicus at different 
salinities and the joint toxicity of nTiO2 with phenanthrene, pyrene and nonylphenol 
separately. This article aims to understand ecology risk and toxicity mechanism of 
nanomaterials in sea. The main results are as follows: 
1. Sedimentation characteristics of nTiO2 in seawater with different salinities (8, 18, 
28, 38) and pH (4.3, 5.4, 6.9, 8.1). The sedimentatiion rates were the fastest in the 
first an hour, then decreased slowly in following 3.5 h, and were about 0 after 6 h. 
The nTiO2 suspension with salinity of 38 was the most unstable. It could be 
explained by DLVO theory to some extent. Increased ion strength can compress 
the double electrode layer (DEL) and decrease the repulsion forces. It favors 
aggregation and finally enhance the sedimentation. The sedimentation rates were 
the fastest with pH value of 4.3. In initial 3 h, the slowest sedimentation rate was 
obtained with pH value of 8.1, but after initial 4 h with 6.9. This maybe influenced 
by the aggregation fractal dimension. Big fractal dimension means that the 
aggregations were denser and could easily precipitated. 
2. The toxic effect of nTiO2 on T. japonicus at different salinities (8, 18, 28, 38). The 
descending order of mortal effect of salinity on T. japonicus was: 38＞28＞8 and 
18. In lower salinities (8 and 18), the effects of nTiO2 on T. japonicus survival 
rates were not significant. While in higher salinities (28 and 38), there were 
















concentrations (＞20mg/L, ＞5mg/L). The exposed copepod bioaccumulation of 
Ti increased with nTiO2 concentrations. There were significant difference in 
bioaccumulation of Ti among seawaters of different salinities. 
3. The joint toxicity of nTiO2 and organic contaminants (phenanthrene, pyrene and 
nonylphenol) to T. japonicus were investigated, separately. It showed that nTiO2 
could enhance the toxicity of phenanthrene , pyrene and nonylphenol to some 
degree. This probably due to the damage effect of nTiO2-phenanthrene, 
nTiO2-pyrene and nTiO2- nonylphenol aggregates. The bioaccumulation of Ti in T. 
japonicus increased with increasing concentration of phenanthrene. But it firstly 
rised and then decreased with increase of the concentration of pyrene. Thus, we 
should not only focus on the inherent toxicity of manufactured nanoparticles, but 
to care more about the interactions with other compounds in aqueous suspension. 
We can’t ignore the potential hazard of nanomaterials. 
 









































产品走上了货架，公众接触纳米材料的机会大大增加。2005 - 2010 年纳米材料的


















图 1-1 迅速增长的纳米产品（引自 Maynard 等[5]） 











































外吸收聚乙二醇包被的 130 nm 纳米金壳可以选择性热切除肿瘤，能够抑制肿瘤
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